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• The main objective in this round of simulations was to learn the capabilities of the Visual-RTM 
with various options, such as filling the heated mold cavity with resin, and curing the resin. 
• This round of simulation consisted of two different simulation types:  




1. Introduction and background
A. RTM background
B. RTM vs. VARTM
C. What is PAM-RTM?





A. Heated filling model
B. Curing model
3. Permeability apparatus (UD lab)
4. Conclusions
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• Composite fabrication techniques use many types of raw materials, including fibers, resins, mats, fabrics, 
prepregs, and molding compounds.
• Each manufacturing technique requires different types of material systems, different processing conditions, and 
various tools for part fabrication.
• It is a challenge for design and manufacturing engineers to choose the right process for the production of a part 
because they have so many choices in terms of raw materials and processing techniques to fabricate the part.
• The rules for selecting a process depend on the following issues: 
1. Production rate (plays an important role in economics)
2. Cost (tooling, labor, process cycle time, assembly time)
3. Mechanical properties (strongly depends on the fiber type, fiber length, fiber orientation, and fiber content)
4. Size and shape (geometry plays an important role in deciding the type of manufacturing process techniques)
• The simulation of Liquid Composites Molding (LCM) has emerged as a useful tool to assist in process design and 
optimization. To appropriately simulate LCM manufacturing, accurate material characterizations must be 
performed.
• Resin flow and cure modeling software, for example PAM-RTM, has been developed to assist in process 
simulation to monitor the infusion and degree of cure.
Mazumdar, Sanjay K. Composites Manufacturing : Materials, Product, and Process Engineering. CRC Press, 2002
1.A. RTM Background
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• RTM is the original process from which many other variations have originated. The figure below shows a 
schematic diagram of the process steps included in RTM. 
• Initially, the preform is made and placed within the mold cavity. Then, the mold is sealed, the resin is injected into 
the mold cavity, saturating the preform and expelling any air present. Any areas of the preform not saturated at 
the end of filling will reduce the strength of the part considerably. Injection pressure, or flow rate, and gate and 
vent positions are crucial design and process specifications, with direct influence on the mold-filling process. A 
curing reaction is initiated, either during mold filling or after completely filling the mold, producing a solid part. 
Once the part is cured, it can be removed from the mold [2]. 
• The phenomena of cure is a key part of the process. This is often modeled through kinetics analysis.
[1]. “Liquid Composite Moulding.” Liquid Composite Moulding - an Overview | ScienceDirect Topics, www.sciencedirect.com/topics/engineering/liquid-composite-moulding. 
[2]. Advani, Suresh G. Flow and Rheology in Polymer Composites Manufacturing. Elsevier, 1994. 6
Top mold
Bottom mold
1.B. RTM vs. VARTM 




One rigid and one flexible 
Negative pressure
1.C. What is PAM-RTM?
• Commercial software package from ESI Group 
• Founded 1973 (software activity began 1991), HQ in France, now in 20 countries, over 
1200 specialists employed, 146 M€ company
• PAM-COMPOSITES suite 
• →PAM-RTM is module dedicated to modeling the resin infusion process 
• Originally developed in 1990s by Ecole Polytechnique researchers (Montreal) 
as RTMFLOT and marketed by their company L3P      (c.a. 1997)
• Appears in the technical literature beginning:
• RTMFLOT: 1993 
• PAM-RTM: 2004





1.D. PAM-RTM Operational Steps











Draw the part using 
“Visual-Mesh” or 
import from CAD 
software
Used to create 
the  finite 
element mesh
(decide 2D shell 
or full 3D model)
and set the part 
orientation (X,Y,Z 
axes)












layers and fiber 
orientations
Used to set up: 
• injection/vent port 
locations
• resin injection 
conditions 
• Boundary conditions 
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PAM-RTM supports various types of 
elements depending on the simulation type:
1. Preheating and curing simulations:
• Triangle, quadrilateral, tetrahedron, 
pentahedron, and hexahedron 
elements
2. Filling and heated filling simulations:
• Triangle and tetrahedron elements for 
permeable parts
• Triangle, quadrilateral, tetrahedron, 
pentahedron, and hexahedron 
elements for non-permeable parts 
1.E. Element Selector
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Temperature of the preform 
and mold
Resin velocity, pressure, filling 
time, filling factor, 
temperature and cure during 
the infusion process












part C (laminate_6, Part ID 54)
Noodle (laminate_8, Part ID 55)
• Each Part ID = separate group of layers 
defined by the user
• Each layer in the composite receives a 
unique layer #
• Table used to define ply stacking sequence; 








From here, we can see the thickness 
for each part in the model
Preform coordinate
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Temperature boundary condition defined 
(top and bottom surfaces)




temperatures can be 
constant or variable 
Top/bottom surface 
of laminate follows 
cure cycle
T-joint
Conditions are set by selecting 
elements (highlighted in red) 
and setting values in a table
• Feed port locations 
• Pressure
• Flow rate
• Vent port location and 
conditions






Infusion process: Velocity Results [m/sec]









Velocity [m/sec] Temperature [oC]
Filling time [sec]Cure
Summary results 











































































































1. Preheat mold to 120°C
2. Infusion: inject resin at 80°C until full
3. Cure: ramp mold to 180 °C and hold
20 min.
50 min.
Cure Simulation: Typical Processing Cycle
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Cure Cure at the injection port
Cure rate (1/sec) Cure rate (1/sec) at the injection port
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7.5” 1.5”











Injection port Vent port
Pressure sensors
Mold wall
Data Input/Mold Geometry 
Process Conditions:
• Injection pressure (bar) = 1
• Vent pressure (bar) = 0  
Constant viscosity = 100 cP
Density = 1020 kg/m3
Resin info. 
Permeability Apparatus (UD lab)
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16 nodes used for injection/vent gate
Resin flow direction
Nodes # 2,497





Part Mesh for 2D Flow Simulation (Shell Elements)
~ 5 mm thick cavity 




Density = 1800 kg/m3
Isotropic permeability 
K1=K2=K3= 2 x 1011 m2
Fiber info.
1.90 sec 32.47 sec 95.62 sec
209.81 sec 440.43 sec 627.73 sec
Resin Velocity Contours [m/sec] (Shell Elements)
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1.90 sec 32.47 sec 95.62 sec
209.81 sec 440.43 sec 627.73 sec




































































Pressure distribution results 





2D Flow Simulation (Shell Elements)
Nodes # 17,479
Elements (3D) # 71,160
Part Mesh for 3D Flow Simulation (Solid Elements)
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1.89 sec 31.61 sec 95.31 sec
210.17 sec 437.11 sec 627.17 sec
1.89 sec 95.31 sec 627.17 sec
Resin Velocity Contours [m/sec] (Solid Elements)
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1.89 sec 31.61 sec 95.31 sec
210.17 sec 437.11 sec 627.17 sec
1.89 sec 95.31 sec 627.17 sec


























Pressure distribution results 






































































































































~ 40.2 cc (resin vol. used in this 
mold)
No resin lost 
Filling time (sec) for the 2D flow simulation
41.8 sec
83.7 sec
Filling time (sec) for the 3D flow simulation
This mold needs approximately 10.46 min to 



















Point 1 (Injection Point) for 2D flow
Point 2 for 2D flow
Point 3 (Pressure Sensor 1) for 2D flow
Point 4 for 2D flow
Point 5 (Pressure Sensor 2) for 2D flow
Point 1 (Injection Point) for 3D flow
Point 2 for 3D flow
Point 3 for 3D flow
Point 4 for 3D flow
Point 5 for 3D flow
Increasing due to resin hitting the corner wall nearby the vent gate
Pressure distribution for both simulation (2D and 3D flow model)
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Conclusion
• PAM-RTM provides information on preheat, filling, cure, and distortion
• Excellent ability to visualize results in 3D.   
• Next steps include the following
• Identify a realistic part to build (canted T?) and obtain a solid model for it
• Obtain information on realistic fiber preforms that would be used for this part (fiber 
volume fractions, permeabilities?)
• Perform literature search to obtain kinetic constants for aerospace epoxy resin 
systems. 
• Simulate heating of mold in a press (i.e. heat conducted through press platens 
above and below mold).
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[1]. S.G. Advani, E. M. Sozer, Process Modeling in Composites Manufacturing, 2nd edition, 
CRC Press, Boca Raton, FL, 2011, pp.480-9
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